We try to understand and to develop some of the basic quantum mechanics of neutrino oscillation. 
neutrino
(mass eigenstate) involved in each event of an experiment destroy any oscillation pattern. We explain how these measurements do that. Then, we construct a wave packet treatment of neutrino oscillation. We find that it gives the same results as the standard treatment.
Next, we estimate the distance a beam must travel before its different physical neutrinos, which have different speeds, will stop interfering with each other. Finally,
we-consider the possibility of observing the difference in the arrival times of the various physical neutrinos at a given point.
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INTRODUCTION
In trying to understand neutrino oscillation, even at a simple level, one is soon confronted by some basic questions of principle about the quantum mechanics of this phenomenon. One such question concerns the role of physical neutrinos with definite masses in oscillation experiments.
The neutrinos of definite flavor, such as ve and v , each of which is u emitted in weak decays in association with a particular charged lepton, are supposedly linear superpositions of these physical neutrinos.
However, one can make measurements, at least in principle, which determine the mass of the neutrino in each event of an experiment, thereby determining which of the physical neutrinos was involved. As we shall explain, when one knows which physical neutrino participates in each event, there cannot be any oscillation pattern. But then, how do the measurements which fix the neutrino mass destroy the oscillation?
In this paper we try to give a clear statement of this puzzle, and then we solve it. The nature of the solution calls attention to the fact that a correct general treatment of neutrino oscillations may require the use of wave packets. Therefore, we construct a wave packet treatment, and show that it leads to the standard resu1ts.l Finally, we reexplore the prediction2 that, many oscillation lengths from their source, the different physical neutrinos in a beam will become incoherent and will arrive at a given detector at different times. Here the oscillation lengths Rmm, are given by (2.6) Note that the oscillating term in eff, I I 2 comes from interference between the differentmass eigenstates in the neutrino wave function.
II. NFUTRINO OSCILLATION

III. WHEN THE NEUTRINO MASS IS MEASURED
Imagine performing the typical neutrino oscillation experiment sketched in Fig. 1 
Now, to know which urn is involved in each event, we require that
for all m,m'. If this requirement is to be met, we see from Eq. Here Ufm, defined by Eq. This corresponds to a neutrino state,$(x,t=O) = cm bm(x,t=O) urn, which will evolve after time t into $(p,t) = / dp:, c Ufma(pf(p;)) vmeip'x e-iEm(P')t m 1 a ?/-7R osc (4.3) dp:, x,Ufma P;(P;) vme Thus, $(x,t) will be appreciable only in the region (x-t) << Rose, where this phase variation is not so large as to lead to cancellations. Therefore, let us specialize to the point x= t in this region:
tJ(t,t) = c m Ufm urn / dp; a(p:(pG)) ~iP'J2p')t . If the arrival time is measured with an accuracy of, say, 10 -9 seconds, the neutrino position can be inferred to an accuracy of less than 5% of -lT N 8 m. A more striking example is provided by the neutrinos from the 8 decay of a nucleus with ~~~~ m 1 second. Here ~~~~~ N lo5 km! Clearly, by observing the B particle, one can pin down the location of its associated neutrino to a region whose length is many orders of magnitude less than lo5 km.
What, then, is the length of the wave packet? It is h, the length -of the region within which the parent of the neutrino is effectively localized, either through preparation of the state of the parent, or by measurements of the decay fragments which accompany the neutrino, or both.
If we are interested in a neutrino emitted at time t= 0, but we can learn only that the emitter was somewhere in a region of length h, then the amplitudes for the emission to have occured at t = 0 at the various points in this region must be added coherently. Thus, the neutrino wave packet will have a length d N h. In Section IV, we have in Eq. implies that for any macroscopic value of h, they will still c0ntinu.e to overlap for a tremendous number of oscillation lengths.
Long before neutrino oscillations are eradicated by the separation of mass eigenstates of a given p,, they will have disappeared anyway due to the reasonably broad p, spectrum in any practical neutrino experiment.
On the other hand, it is interesting that after the mass eigenstates separate, they will arrive at any given detector at progressively more and more widely separated times as the beam continues to travel. emerging from a supernova is probably rather broad, with Apv/pv * 1.8
On the other hand, it may be that when the momentum-dependence of the cross section at the detector is taken into account, the effective spectrum is harmlessly narrow.g The second issue is the question of whether the neutrino pulse from the supernova is shorter than 10 -2 sec., or at least has significant structure shorter than that, to begin with.
It has been estimated that the great majority of the neutrinos in the burst stream out of the supernova during a period that lasts about 100 sec.1° Thus, for the experiment to succeed, there must be some structure, or M 2 2-Mf must be somewhat bigger than we assumed. This experiment would indeed be a very interesting one; we hope it can be made to work.
VI. SUMMARY
We have tried to understand some of the quantum mechanics of neutrino oscillations. First, we considered an oscillation experiment in which particle momenta and energies are measured, either at the neutrino source or at the detector, with enough precision to determine which of the physical neutrinos urn is involved in each event.
When this is done, the oscillation pattern is wiped out, and we saw that this can easily be understood in terms of the uncertainty principle.
Namely, when the momentum measurements are accurate enough to identify the vm in each event, they make the neutrino source point, or its detection point, more uncertain than an oscillation length.
This underlines the fact that neutrino oscillations cannot be observed unless the neutrino source and detection points are both localized to well within an oscillation length, so that there is necessarily some uncertainty in the neutrino momentum. We proceeded to take account of this momentum spread by constructing a wave packet treatment of neutrino oscillations. We found that this treatment gives the same results as the standard one, at least for distances less than an extremely large multiple of an oscillation length.
Beyond that, it is not clear what the wave packet treatment gives, but at such distances there are no longer any oscillations anyhow.
We then examined the eventual separation of the urn from each other as a neutrino beam travels to large distances from its source. We argued that loss of interference between the urn will occur sooner than previously estimated. However, so long as the dimensions of the region within which the neutrino's parent is effectively localized are macroscopic, this loss will not occur until oscillations have already been washed out by the broad momentum spread in any realistic neutrino experiment.
Once the urn have separated, the difference between their arrival times at a given detector may be observable. 
